The determination of concentration of inhalation anxesthetics in blood and tissue has now been made practicable by the use of gas chromatography. When the detector is of the flame ionization type a high degree of sensitivity is achieved. The present investigation concerns the development of a technique of estimating halothane in the blood of man and dog and in various tissues of the dog by gas chromatography. In the dog the results were used to calculate the uptake of halothane from breath to blood and from blood to tissue.
Methods
The chromatograph and hydrogen flame detector were constructed in the Research Department of Aniesthetics, Royal College of Surgeons of England, and were used in conjunction with a vibrating reed electrometer with head amplifier and a 1 mV recorder. A column 1-22 m long 0 40 cm internal diameter packed with silicone oil M.S. 550 35 % w/w on Celite 44-60 mesh maintained at 85°C was used. The carrier gas was nitrogen flowing at 60 ml/min; hydrogen at 55 ml/minute and air as an oxygen source were needed for the flame. Samples, 3 to 5,ul in size, were introduced into the chromatograph with a 5 ,ul Guild syringe. Diethyl ether was used as an internal standard to calculate halothane concentration on the basis of halothane-ether ratio. Halothane was extracted from whole blood and tissue using carbon tetrachloride (Wolfson et al. 1966 ). The three components were eluted from the column in order of their boiling points within seven minutes. 'Present address: Department of Anaesthesiology, Kingston General Hospital, Kingston, Ontario, Canada Since sharp separated peaks were produced, measurement was based on the peak heights.
Preparation of halothane standards: Six pl of diethyl ether was added to 100 ml of carbon tetrachloride in a volumetric flask, glass-stoppered and mixed. It was found that this quantity of ether produced a near full-scale deflection on the recorder. To make a standard of known halothane concentration, 25 ml of the carbon tetrachlorideether mixture was added to a volumetric flask, sealed with a rubber stopper and weighed. A quantity of halothane, usually 2-3 ,ul, was injected through the rubber stopper and the flask reweighed. A polyethylene stopper was substituted for the rubber and the flask was agitated. The concentration of halothane in the standard was then calculated.
Extraction of halothane from blood: A rubber stopper was placed on the 100 ml flask containing the same carbon tetrachloride-ether mixture used to make the standard and with a calibrated adaptor and glass syringe with needle, 2l85 ml was drawn up and injected into an 8 ml glass phial which was half filled with glass beads to facilitate mixing and to decrease phial air space. The phials were rapidly sealed with a sheet of nylon and a bakelite screw cap. Blood samples, approximately 3*5 ml in size, were collected anmrobically into heparinized disposable polyethylene syringes and sealed with a polyethylene cap. The cap of the phial was removed and, using a calibrated adaptor and a needle fitted on to the syringe, 2 58 ml of blood was injected under the carbon tetrachlorideether mixture; the phial was resealed and its contents were mixed on a mechanical shaker for ten minutes to complete extraction, then centrifuged at 3,000 rev/min for ten minutes; a sample of the clear extractant layer was injected into the chromatograph. Since 2 85 ml of carbon tetrachloride was used to extract 2-58 ml of blood a ratio correction factor of 1 -10 was used.
Extraction of halothane from tissues: Halothane standards were made as described above. Glass beads were added to half fill an 8 ml glass phial, which was stoppered with a sheet of nylon and a bakelite screw cap and weighed. A biopsy specimen of tissue weighing approximately 1 5 g was blotted free of blood and added to the phial which was restoppered and weighed; the weight of the tissue was calculated; 2-58 ml of the carbon tetrachloride-ether mixture used to prepare the standard was added; the phial was resealed, mixed and centrifuged as described for blood. The clear extract layer was then sampled and injected into the chromatograph. The total amount of halothane in 2-58 ml of carbon tetrachloride was cal-Section ofAnwsthetics culated and, the weight of the tissue being known, the amount of halothane per 100 g of tissue was determined.
Standards and blood and tissue extracts were estimated in duplicate.
Calibration, repeatability and extraction studies:
The flame-ionization response, as a function of sample size injected, responded linearly for both halothane and ether. The glass and polyethylene syringe adaptor repeatability showed that injected volumes varied by less than 1-5 %. Halothaneether ratio repeatability was studied. With a standard containing 6-7 mg halothane per 100 ml carbon tetrachloride, 21 estimations yielded a mean ratio of 0 34±0-012 (95% confidence limits); with a standard containing 11-7 mg halothane per 100 ml, 26 estimations yielded a mean ratio of 0-60±0-023 (95% confidence limits). In vitro extraction of halothane from human whole blood yielded a mean recovery of 94-5%+1-94 (95% confidence limits). Sampling of six tissue extractions after ten minutes of mechanical shaking on three consecutive days resulted in no change in halothane extracted by this method.
Application
Blood halothane concentrations during anwsthesia: Blood halothane concentrations were determined in four patients breathing spontaneously during closed-circuit halothane anxesthesia with a Goldman vaporizer inside the circuit. Arterial and peripheral venous blood samples were estimated for halothane.
The same method of aneesthesia was used on dogs and aortic and right heart blood samples were estimated for halothane. Minute volume with an integrating pneumotachograph and cardiac output by the indocyanine green dye dilution technique (King & Broughton 1967) were also determined. Tissue halothane concentrations were determined in dogs after exposure to 2% halothane for 30 minutes using a semiclosed circuit with a Fluotec vaporiser outside the circuit.
Halothane uptake, breath to blood: Assuming that Kety's theory of inert gas exchange (Kety 1951) holds true for halothane, its uptake may be calculated. The formula applicable to breath-toblood uptake is: halothane uptake (mg/min) = (Cl-CE) X VA (1) where CI and CE are the inspired and expired concentrations and VA is the minute alveolar ventilation. According to Kety's theory the alveolar equals the arterial concentration. Therefore, the expression (CI-CE) may be calculated from the arterial concentration and the Ostwald blood-gas partition coefficient A of 2-3 for halothane (Larson et al. 1962) .
That is k-Ca CA (2) where Ca and CA are the halothane concentrations in arterial blood and the alveolus respectively. Equation (2) In the present study Ca was determined and VA calculated as 0-68 V (Nunn & Hill 1960) .
Halothane uptake, blood to tissue: The uptake of halothane by all body tissues may be determined by the formula: halothane uptake (mg/min) = Q x (Ca-CV) (5) where Q is the cardiac output, Ca and Cv the arterial and mixed venous halothane concentrations, all of which were measured in the present investigation.
Blood halothane in man: Under clinical conditions and using the circuit described, the maximum concentration of halothane in arterial blood was 20-0 mg/100 ml, with a corresponding peripheral venous concentration of 17-0 mg/100 ml.
Tissue halothane in the dog: Table 1 shows the result of tissue halothane concentrations obtained after thirty minutes of semi-closed halothane anaesthesia with a Fluotec vaporizer set at 2%. At this stage the tissue/mixed-venous blood ratios are low, since the halothane exposure time was only thirty minutes. To achieve body Table I Tissue halothane concentration (mg per 100 g) in 5 dogs after exposure to 2 % halothane for 30 minutes saturation at a constant inspired halothane concentration prolonged administration would be required (Duncan & Raventos 1959) . The results are consistent with the view that tissues of high lipid content and high blood flow take up large amounts of halothane rapidly. The low mean halothane value for omentum, despite its high lipid content, is probably due to its low blood flow. The range of variation of uptake by the different tissues may be explained by the variation in minute ventilation and body weight among the dogs.
Halothane uptake in the dog: Fig 1 shows the data for uptake of halothane by a 20 kg dog during closed circuit anxsthesia. Previous studies on halothane uptake have been made during constant inspired halothane concentrations (Mapleson 1962 , Eger & Guadagni 1963 . During closed circuit ancesthesia with the vaporizer inside the circuit, the major factors in halothane vaporization are the vaporizer setting, alveolar ventilation and halothane temperature. From Fig 1, after ten minutes' exposure with the vaporizer set on '1', blood and tissue uptake were virtually the same. After a further ten minutes with the vaporizer set at '2', halothane uptake was high since alveolar ventilation and cardiac output were near control levels. The blood and tissue uptake difference at this time may be postulated to be due to alteration in tissue blood flow. Ten minutes later, with vaporizer still set at '2', the marked decrease in alveolar ventilation was reflected by a fall in halothane uptake by the blood. Tissue uptake was greater than blood uptake, which was consistent with the fall in arterial halothane from 25 6 to 21-0 mg/100 ml. Despite the maximal vaporizer setting for a period of ten minutes the blood uptake was only 11-1 mg/min because the alveolar ventilation was low. The associated fall in cardiac output to 460 of the control value led to the low uptake of 8-6 mg halothane per minute.
Professor J P Payne (Research Department ofAnacsthetics, Royal College ofSurgeons ofEngland, London)
Alcohol in Blood and Urine
The use of a gas chromatograph combined with an internal standard and an integrator offers the most convenient method yet developed for the accurate measurement of ethyl alcohol concentration in biological fluids. In practice those fluids most commonly analysed are blood and urine and a suitable gas chromatograph consists of a moving phase source, an injection port and vaporizer, a stationary phase, a detector and a recorder. The moving phase is nitrogen, although other gases such as argon can also be used. The nitrogen which passes through the instrument at a constant rate purges the injection port and vaporizer of the volatile components of the sample to be analysed and carries them on to the stationary phase, a 4 ft (I 2 m) copper column of 025 in (6 mm) internal diameter packed with porous polymer beads of 80 to 100 mesh (Poropak Q) maintained at a temperature of 171°C. The various com-
